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(57) Abstract 

The present inventioo includes improved assemblies for transferring torque from a catheter main body "tube (I04)to the steering 
center support member (120)' through the buff bond joint assembly. Such • improvements include the utilization of a crimp sleeve (290) that 
is disposed within the; butt bond sleeve (274); such that an enhanced mechanical interf erence is created within the adhesive that is utilized 
to fill the but bond sleeve. Various crimp sleeve shapes are disclosed. Alternatively!" a stiffener member may be fixedly engaged to the 
steering mcchanism t where the stiffener member includes an arm portion that projects into the.butt bond sleeve area. The projecting arm 
portion is bonded into the adhesive, that fills die butt bond sleeve. Additional torque enhancing features include radially inwardly project 
ribs that are 'termed in the butt bond sleeve, and laterally extending portions of the steeruig center support member which create enhanced 
mi^himirqi interference with the adhesive disposed within the, butt bond sleeve. The improved steering and control reatures of the present 
invention are obtained by locating the attachment point of the steering wires with the center support member a suitable distance proximate 
to the distal end of me center support member. Additionally, improvements to the shape of the center support member provide enhanced 
control characteristics. In a preferred embodiment, the steering wire attachment point is located approximately one inch proximal to the 
distal tip of the device. „, v . . 4 . r. i- . « ^ * . .> . 
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DESCRIPTION 

Improved Catheter Distal End Assemblies 

Background Of The Invention 

Field of the Invention 
5 The present invention relates generally to catheter 

devices, and more particularly to mechanisms for enhancing 
the diagnostic and therapeutic capabilities of such catheter 
devices by improvements to the steering and control 
mechanisms of the devices. 

10 Description of the Prior Art 

An important feature in catheter design is the accurate 
1 placement of the catheter distal end assembly in relation to 

the subject's bodily tissue. With specific application to 
multiple electrode ablation distal end assemblies, it is 

15 important that ^ the steering mechanism achieve intimate 
tissue contact with the plurality , of ablatipn electrodes. 
Current curvilinear catheters have difficulty in obtaining ■ 
such tissue contact because they include steering mechanisms i 
which provide steering control at the distal tip of therV-. 

20 electrode -assembly. The present invention is an improvement v. < 
over such distal tip Steering mechanisms b|| locating^ the' f if ••' 
steering wire engagement ; to a point proximal 'of Lthe distal , ' 
tip, aiicl , improving the flexibility of the : pa|heter control 1 ^/ 
support member, thus providing better steering control over „ v:: 

25 the electrode assemblies that are disposed proximal to - the t! - , f . . 
distal tip 1 of the end assembly. \' 

To obtain accurate [ placement of 4 the distal end j 
assembly, the handle is often rotated about its longitudinal 
I axis to twist the main body tube in order; to rotate the '\ 

30 distal end assembly. In this regard, the torque applied to 
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the main / body tube must :be^^transferr;edvct:0^vthe:\dlstal.:' end 
assembly through^ the joinder;~bf the; distal . .end assembly with 
the main body tube. In .current, catheters the ? torque is 
transferred from the main. ;body tube to the distal assembly 
5 primarily through the adhesive bond between the main body 
tube ) and ? the steering mechanism; ^ and secondarily through: the 
butt ^bohd between the main body : ? tube and the/distal assembly 
tube ^sBothj .« cof these ' torque/ ^transfer . devices; have 
limitations.; : - . .. / ^'rr'x-.. / :;•*;.*• . •'■ 

10 ^The£ torque transfer from; the main body tubing to the, 

distal /^tubingv\ is I limited by the : flexible .; - material 
characteristics of the distal tubing. If the entire catheter? 
were made x of ' a strong braided main body tubing then the 
torque act 6b the a distal tip would increase, however, the; 

15 flexibility to steer the catheter would decrease; / The 
current distal* tubing is soft and flexible.-, for- 7 steering >w so 
it is v of /limited use in^ transferring torque.:, v ; v > ; , ^- r 
Thee; torque? transfer from the; main v body ftubing . .to. the: 
steering^ mechanism r is .-. through an adhesive bond. : However^; a.: 

20 limitation^ in ^ this assembly is: that the adhesive bond^is; 
formed;; between-; a 3 : round component/: the butt bond sleeve, and, 
the / outer: / surf ace, of / the steering: sleeve. \ If the bond ^ is 
incomplete:; cor 7 iif :::the .torque, is too strong, ther adhesive . 
breaks or the steering sleeve/ tears, freeing the* steering, 

25 mechanisnu to ^.rotate. Also: the - steering mechanism .may ; at 
times freely: rotate ^ inside; the steering. ,^leeve. : . This can- 
cause i loss - ./ of - distal; - torque and possibly barber poling . 
Mechanisms ; /-.to/ improve:; the a bonds at these: , assemblies--: are, 
therefore necessary to assure efficient torque transfer, -from 

30 the main body* tube to /the distal end assemblies. f 

Summary Of The Invention v ...... ; . . \ ■. ^ / ^ 

The present invention includes improved assemblies for 
transferring - torque from a , catheter main ; body tube to, the 
steering center support member through the butt bond joint 
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assembly. Such impr<oviementS'.:.' i .incliKie the. utilization of a: 
crimp sleeve that isi< disposed within \the butt bond sleeve> 
such that- an enhanced . mechanical; ^interference is created: 
within the adhesive that is.tutilized : to f ill ;the butt r bond 
5 sleeve . Various crimp- sleeve I reshapes r are disclosed. 
Alternatively, a stif f ener member: mayr be fixedly engaged; to 
the ^steering mechanism, where ; thee stiff ener member includes; 
an arm portion that projects into^the butt bond sleeveaarea* / 
The projecting arm portion is bonded into the adhesive xthat* 

10 fills" the ;butt bond sleeve. ' Additional torque enhancing 
features 'include radially inwardly projecting ribs .that are* 
formed in" the butt' bond sleeve, . and laterally ,i extending 
portions of the* steering center support member ?.which ^create 
enhanced mechanical interference with the ^adhesive disposed 

15 within the ;butt* bond sleeve; ^ 

The -improved steering and control . features, abf ithe 
present invention are obtained by, locating the v attachment 
point- of the steering Swires with the center : support! member a 
suitable distance proximate, to- the distal endrof a the:i centers 

20 support member . Additionally, improvements to ithe ) shapes i;of;^ 
the - center support member provide r enhanced; control.' 
characteristics. In a preferred embodiment,-:, the ^steering 
wire • attachment point" is located . approximately^ one: inch 
proximal to the distal tip of the device; .1 -v* ■.</.:*< :;; <n 

25 7 It : Ts an- advantage "of the present invention that" '.it: 
provides- enhanced steering and control characteristics 

It - is another advantage .of the .present ^invention that ; 
enhanced torque - transf er is achieved between, the :< main body , 
tube ; and the distal end assembly. . o : - 

30 It is a further advantage of the present; invention, that : 

an improved center support member is provided which produces 
enhanced distal end control characteristics. ':■"'„./•. '.■*■'}** 
It is yet another advantage of the present invention 
that the catheter distal end assembly can be steered into 



WO 99/06095 



PCT/US9Sfl51d3 



4 a 

intimate contact with bodily .tissue disposed within a tissue 

crevass,e. r . r ... 7 ,., . .^ ^ ...... ,,^,. ( , v; ^. - , . 

It is yet a further . advantage of the present invention 
that ? the distal end assembly , can. be steered into, a curved 
5 shape wherein the distal end portion is relatively straight. 

These and other features and advantages of the present 
inve^ion. s will .become understood by those skilled in the art 
upon ^eacjing the following detailed description and claims : 
The applicants intend that the claims cover all sjich 
10 f ea^:i;re§^and advantages as are disclosed herein. _ 

In The Drawings ? , 

Fig. 1 depicts a catheter of the present invention 
including .the j ^improved distal end assembly; 

Fig. 2 is a side elevational view, with cut away 
15 portions, of a prior art distal end assembly; 

Fig. 3 is a side elevational view depicting the 

;:,rm.;I pool": ...*:•£' . . ' ■ . :■' v ' rv.r.-i r: 

steering distortion characteristics of the prior art device 

depicted ,in Fig. 2; 

Fig. 4 is a side elevational view depicting the prior 
20 art catheter end assembly disposed in a curved configuration 
within^a.. section., of bodily tissue; 

Fig. 5 is a side elevational view depicting the prior 
art catheter end assembly being reverse steered into a 
section of bodily tisspe; 
25 Pi?* 6 4-? - a side elevational view having cut away 

portions of the improved distal end steering assembly of the 
present invention; 

Fig. . .7 is a side elevational view of the device 
depicted in Fig. 6,. showing the steering distortion 
30 characteristics thereof; 

Fig. .8 is a side elevational view depicting the 
catheter end assembly of the present invention disposed in a 
curved configuration with a section of bodily tissue; 
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Fig. 9 Is a * side elevational view depicting the 
catheter end assembly of the present invention being reverse 
steered into contact with a section *"6f bodily tissue; ' 

Fig. 10 is a side elevatibnal view " depicting 'the J 
5 utilization of the distal end asseml&y depicted in' FlgV "6 in" 
contact' with bodily tissue tiavilrig a crevasse; and 1 1 

Fig. II is a side elevational View of 1 the tapired* 
center support member of the present Invention having' a~ 
steering wire attached thereto; ^. . . e 

10 Fig. 12 is a side * elevatibnal view : depic£in$^ J Mn " 

alternative center support member of the present invention 
having a steering wire attached thereto; **\ i *. x ~z:'^hlJ!&s±„. 

Fig. 13 is an enlarged side elevational view having cut 
away sections, of the prior art catheter distal "end* butt- 
15 bond assembly; * . f, > 

Fig. 14 is an end elevational view' of ' tihe prior art ' 
butt bond assembly depicted in Fig. 13, taken along lines 
14-14 of Fig. 13; 

Fig. 15 is an enlarged side elevational view, "having " 
20 cut away portions depicting an improved torque transfer- 
device of the present invention; " 

Fig. 16 is an end elevational View "of ttie~ device 
depicted in Fig. 15; " 

Fig. 17 is a perspective view of a U " or C-shaped crimp 
25 sleeve that is utilizable in the present invention;^ ^ 1 "" 

Fig. 17A is a perspective view of' a G-sHaped 'crimp 
sleeve that is utilizable in the invention; 

Fig. 18 is an end elevational view that is" similar to 
Fig. 16, utilizing the crimp sleeve depicted "in Fig. 17; 
30 Fig. 19 is a perspective view of a ribbed butt bond 

sleeve of the present invention; 

Fig. 20 is an end elevational view, similar to Fig. 16, 
depicting the utilization of the ribbed butt bond sleeve 
depicted in Fig. 17; 
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, ^Fig. 21 is- a ^perspective yiew^f^the improved steering 
center support member of the present invention; - , : .,..<■;; -...> ;5 >■ 
Fig. 22 is a perspective view of a proximal portion of 
an alternative steering center support member of the present 

5 invention; _ • - 'J : <' : \ - ;:i.7 ,! :\'-- V r\ 

v ;coEig»v r 23 is an end eleyational view .similar ; tPr Fig. 13 
that- depicts : the utilization:* of, .the; steering center, support; 
members depicted in Fig. 22;. ^ ^ ^ ;r q> 

^3;Fig. 24 is an end eleyatipnal view, similar to Fig*, 23- 
10 thatetdqptcts the, utilization of a ribbed butt bond sleeve of 
Fig ic ^l 9 rwi.th the device depicted in Fig. 13; ... iK ; . : ; ; , ;>c 
,T u?i;E!fej;-v 25, is a perspective view of the stiff ener membe|^ 
of th^^R^sent; invention; ; : ; ( \ • - -) -,^q 

j;; Figti 26 . is a top plan . view of the stif fener Jtien^er,. 
15 depicted r <inv /Fig . 25; ;., y~?/n --.r i 

r, i Fig- ^2r7>;r is a , side elevational view of the ? s t i f f ener; 
member edepic&ed; in Fig. 25; . : • , : : u: ; X 

v 0 Figi -c29- i^ an end ; elevational: view of * the- stiff ener 
member depicted in.vFig, < 25; ^ < 
20 -;cFig. ^29. is : an ^enlarged side elevational view, , haying, 
cut ; away : portions? ^similar , to ; Fig . ; 15, • ■ depicting , the 
stiffener member; oo,f the. present invention ? in association 
with , ;t he} btftt bond joint assembly of the „ present invention ; 
-.yEig:;c; 30 r is^an ' end ^elevational view; -of, —the^deyice, 
25 depicted-, in- Fig>;. \2&>v --L,z .i :> r *r. < " ^ ' - 

, Fig-. 31 is : an;, end el^yatiorial- yiew, . : siinilar to -Fig .= 30, 
depicting; the utilization of i a three, ribbed butt bond sleeve 
in as s:p.ciatipnr^witht the. device ..depicted in, ( Fig. , 30, v ..... v - •• 
Fig.; :32 is a ^perspective view, of /an alternative, butt 
30 bond^ s.leeve . configuration, of :: the ; present invention; ; ^. , : ^ 
Fig;. (< ,;33 ; is ; an. end- . elevational view V ;; depicting, the. 
utilization -of the butt bond , sleeve ^depicted in ^Fig^. 32. 
together with' the stiffener member .of the present invention, 
as depicted in Fig, 30;. : 
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Fig. 34 is /a perspective ^ ! ^L'W^of- ! *- r a-^gajpped butt :J bond 
sleeve that is utilizable With- *the— stif f ener * member of the * 
present invention. : - =^.--?- , -<v-' - ^ .■ ..." . 

■■" /.r.-i'v - v. • • . " : . • ^.^yjiVi : j .;r...ra^-: *■ „. , ■ ■ z * \ : 

Detailed Description Of The Preferred Embodiments : r rv* 

5 - The present invention iso adapted -for use inside,, body 
lumens, chambers or cavities^ ft>r^ either diagnostic^ 
therapeutic purposes, where access - to the interior b body'- 
region is obtained, for example, through the vascular system 
or alimentary canal, '-without coriiplex; invasive - -3 urgical^rt 

10 procedures. It may be used in ' diverse body ^regibns %?£oz» *- 
diagnosing or treating diseases .•• For example / S various 
aspects of the invention have application f or the' diaghofeis • 
and ^treatment' of arrhythmia conditions within the hieart^ It 
also has application in the diagnosis or treatment of 

15 intravascular ailments, in association, for example, v with 
angioplasty or atherectomy techniques. Various ^ aspects ^of - 
the ^ iriverition also have applicatioii v for~ diagnosis- ^ or 
treatment of ailments in the gastrointestinal ^tra : c£-;c -ttoerc* 
prostrate, brain, gall bladder, r uter\is,> : and mother regions^ of 

20 the -body; "The- diverse applicability 'bf the : . inventions inir 
these and -other fields of use will become apparent v 3.; tz.L' 
With regard ' to- the' "treatment of conditions.' within : Lthe: i: 
heart,* : the present invention 10 r is -designed to. produce 
intimate tissue contact with target substrates^ associated' ,.*- 

25 with' various arrhythmias; namely atrial* fibrillation, atrial 
flutter, and ventricular tachycardia; A- physician is- able' to-* * 
position the distal section containing the diagnostic* and/or " 
ablation' electrodes (rings or coils) ; into^ contfact • with 
tissue and enable reverse "■* steering' • .(as ■ described 

30 hereinbeTbw) to improve tissue contact; It- is particularly 
designed* -to enable the • distal section to conform to 
nonuniform anatomic regions such as 1 - the Eustachian ridge ■ 
between the inferior vena cava and the tricuspid annulus, 
especially when the catheter is steered to obtain intimate 
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tis£ue:v:ppntact • vln .addition, v yLjfe^ a possesses -improved mapping 
capabilities of the ; . ; catheter : bxr: djecreasing the electrode: 
size yet maintaining the ability to .produce c a variety, of A 
lesion vvsizes ; including large .-surface area, deep lesions 
5 through : simultaneous power -delivery to,- a plurality; v of; 
electrodes with temperature j feedback and contrpl . r These- 
imprpvepients : enhance the . applicability of the catheter - to 
target ^atrial fitter, , rat rial : fibrillation; . pther r 
supraventricular tachycardias K : and ventricular ; tachycardia 

10 substrate s> ... .: \- \:i:.c : <v • " . ^ \:.?t,^ ■ 

^bxTheroeff icient utilization of catheters involves in u the. 
fii?5t ? : instancy the; /ability : to , steer and place the r catheter, 
diSital ientfn assembly in a ; chosen , location relative to - the . 
tajrgety bpdily: tissue . Improvements in catheter control : and ; 

15 steering ^.capabilities , such ; are disclosed; r herebelpw^ 
result j in dwore efficient -and : effective, t catheters r ; ,whichj 
provided; ^improved performance and results. Two specific, 
catheter improvement areas that are described herebelpw r are 
impj:pys<& s£e;erAng -control at the catheter distal end, which 

20 improves- .the diagnostic and therapeutic performance , of . 
multiple >;.-r. electrode ' , distal, , end . assemblies, . and { the 
ijnprpYement c Pf : torque - transfer between the ; catheter^ main; 
body; tube .and: the ^distal end, assembly. ; ;; - ,„-, : - ^ ; . 

: b;At ^catheter system 40^, of the ^present- invention, , is 

25 depicted in Fig. 1. It,, includes, , ta,, handle 14,.^ a> system 
controller. 12 that ids connected by an electrical cable 16 to 
the ? handle x. 14 a; -main body;, tube 18 . that ; is , engaged- at its 
proximal^ .rend, 20^ to. the handle 14> and a distal end assembly 
22, , including a section: of distal -end . tubing .24 that , is, 

30 engaged rat its proximal end 26 to . the distal , end : 28 : of : -the 
main.; body tube ,18 at a -bond 32, and a tip membesr 36. A 
steering mechanism is, disposed, ; within the . y distal > end- 
assembly 22 , and is interconnected with the, handle , 14 f; through; 
steering wires that pass . -through , the main body tube ,18 i . The, 

35 improvements, of the present * invention are ; generally located 
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within 'the distal * end^ assembly 22 . Applicant 1 s improved* 
electrode and steering 7 ''miichanisiira^^ice "next discussed with- 
the aid of Figs. 2 through 12v - * ^ 

' 'Improved - steering arid ■ v control • characteristics - f oJt- i ai- 
5 catheter' distal end assembly can be^ advantageously achieved 
by properly locating the bonding- points of the steering- 
wires to the cehter supports ^Portions of this concept^'dire^ 
described in U.S. Patent 5,273>535, -entitled: "Catheter tfith^ 
Electrode* " Tip ' Having Asymmetric^ Left and Right iJasiai&tqys- 

10 Configurations the disclosure of which is incorpc?jfati^d- T C 
herein by- reference as though set forth in full. Td % pr^ide 
an : understanding ■* of the technology <• relevant - ; '^cf^ this i 5 
disclosure; « a prior- art catheter distal end -assemblyu>60^ : fs ; - 
gehferally depicted- in Fig. 2. The * diistal end 4 assetttoly: ^ ? -> 

15 includes a- hollow tubular body portion 64 ^having a> plurality ^ V;-". 
\ of ablatioh J r electrodes 68 disposed along it's length vi A ^tfip^r 

member-* 72 is ' disposed at the distal eiid 76 of ''the '^ubd!ta:r 
member 64 . : - A thin f lat^ steering center - support: member 80 ; -i« **- 
disposed • within ; the central lumen 84 of the vtubul&r member;'-^ 

20 64; ; and the tip ^member 72 is fixedly Engaged; to the di&^X:^ 
end " 88 of the center support member - 80. Two steering Wix : es ::i,; f 
90 -ahci 92 : are bonded oh opposite sides of ^ the -cehter^ support?^ v 
member 8 0 at location P that -is located -at ^the distal -end £18 
of * the' cferiter support 80, immediately behind the tip" member 

25 72 ( only wire 90 Is shown in this view) ■> c ;m v ; >; 

v Various' 1 " positioning cohtrol- ^ ^nd.w'o per f orniance " 
difficulties may* be experienced wherr-the -priori art -device 60' - 
is - utilized;- ' As ; depicted in 'Fiq\ 3,» certain ^rsteiexing v 
maneuvers, particularly reverse steering/ where the tip 72 ^ 

30 is deflected l: a r distance A in one direction to make .-contact 
with tissue 94, - can' cause proximal'" portions: 96 of. the ' 
assembly '^60 to extend a' distance- B- in the direction-opposite 
to • the movement direction of the tip 72, - thus . causing a 

i 

' snake-like ^ effect . This effect is undesirable for catheters 7 

35 carrying multiple ablation electrodes - because it ' causes • 
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electrodes in the , region, 96 to extend; away from tissue that 
is- to be - treated.. This un^ is, due 7 to the^ 

flexibility of the., distalv .end : -60 ; and apparently results 
because . the * point of i^ximal steering force ...if proxin^al tp 
5 the ^steering wire attachment, point P . j v . 1 ^ v - 

vFig. 4 depicts . the v? prior axrt , device 60 ,in ; n a curved 
configuration disposed within a cavity 97 of bodily tissue 
94 i a-Swch a cavity is representative , of a lieart ventricle . 
When the device 60 is steered to an appropriate . locat^A 

10 within x£he cavity ^ 97 it is first steered into a curve qr 
loop; ^thatr, is tighter than the inner wall 98 of the .pavity 
97 ^:^here^ter ff -as depicted in Fig. 5, it is reverse steered, 
(see;ja^p>* 99)^ tp ropen-the loop % in order to press the sides, 
of ^he/.d^yice^ 60 against the surface 9 8 . As ; i s depic t ed 4 n 

15 Fig M 5* whenpthe device 60 is reverse .steered, ^such that the 
tip 72c j; jnake^ contact with the surface 98 of the tissue ; 94 r 
the undesirable gap B in region, 96 can be created . This^ 
results^in^aiess. than satisfactory contact of : the deyice r> 60 
with^the- tissue/ surf ace 98 for diagnostic and therapeutic 

20 purposes:, o --rjo^ ■ . ■ w v ; > . 

; : Features of the present invention 10 solve this prfpr 
art ,; t steering ; problem, and produce an improved device ? . A . 
primaryno improvement , feature, is the relocation ..of .. the 
steering, wire- attachment point away from the distal end 8.8 
25 of the steering center support member^ 80. v As ^depicted in 
Fig^^6;„r; the iipproyed.. catheter distal end. assembly^ 100 of the 
present indention includes,^ tubular body, portion JL04 having 
a plurality of ^ .electrodes ^.1Q8 ^ disposed throughout, its 
length- : A flat ^steering center suppprt. t member 120 ... is 
30 centrally , disposed withia the .tubular member 104 ..and „ tip 
member v-112 is engaged,. -to. the .distal ^nd ^130, of . the. Qente? 
support - member -, 120 • :Two steering wires 134 . and 138 are 
disposed on opposite sides, of the center suppprt. member . t .12Q 
(wire : 138 is not shown in this view) . The steering wires. 13A 
35 and - 138 ; are affixed- (such as by soldering, welding, .or 
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bonclihg) to opposite sides of the center -support member* 120 
at point " D which is "located V-tf'* distanced L proximal to the ^ 
distal' end 1 130 * of the center - support ' member 120 . ; ' In a 
preferred catheter embodiment having several ablation coii - 
5 electrodes 108, the distance ■'•'•t*- s is , ' / "Spproximately -ofte—inch; 
such that ablation electrodes are : "located distally td^the 
steering wire attachment point d. ;VJi --^ 

Fig. 7 depicts the defrectioh prof ile of the im^o^ed ' 1 
catheter end assembly 100 • In Fig. i> the actuation of > the^ : 

10 steering wires 134 and 138 has caused the tip 112 to^def lecfe 
a distance : E. "The location of the steering wire attachment 
point V1 D produces an advantageous steering" prof il€>^«wteich < 
increases the force exerted against tissue with thtf abUVtloW^; 
eledtrodes located proximate to the steerirfg ; wire ?aitachme*nt > 

15 poitit' fr; in" addition, the location ' of - the steering Wire ^ 
attachment point D proximal to the 'distal tip- pfcddifcee a?*- 
relatively** straight region distal to point D whieri' ^tfeerlng v - 
is Actuated. ; For" varioiis ' applications, the portion ^ofc^e 
end ; -sis^embly 100" that 5 Is* dis tally' located -relative tS^th&^ 

20 steering wire attachment point D can be made more or r ~ *ess 
flexible than 'other portions of the fend asseitdily ^100^ ^The 
degree! bf* flexibility or stiffness of this distally -rotated^ 
portion ; i's a "matter of * design choice/' depending ~ upon .^tife * 
spedif ic applicatibh in which the' ^particular ' cath4*ter^ ; erid s - 

25 assembly may be utilized.^ 1 " ' •• t -' : : v "° '° - 
Fig. ^8 depicts : the catheter • eiid r assembly 100 dasposed 
within 'it cavity^ 97 of * a body tissue' itiembeir 94> ir sucti as- a ' - 
heart ventricle'', arid-Fig; 9 ' depicts ' the device 100 -Being 
reverse "steered (arrow " 99) within the* cavity ^7/ Comparing ^ 

30 the Movement 'of the : device 100 in FigsV 8 and r 9 t; with ? the • 
movement ot the ptior art device 60 depicted 'in Figs/ 4 and 
5, it is f *seen thit when the 'device 100 'is reverse steered to • 
achieve intimate' tissue contact - 'with'" -'the surface 98 that 
steering ' the device 100 at point' D creates a "uniformly 

35 intimate' tissue contact, which -results' in *' improved 
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diagnostic M ahd therapeutic : performance ^of the present 
indention 100 'over the : prior art 'device 60. The catheter 
does not lift off the ' tissue v proximal- to D because of ; the 
spring force of the catheter When it is in its -prolapsed: 
5 positidrf as illustrated in* Fig. 9^> Vr. > ;v ^ : 

Further improvements to the present invention 10 arer 
achieved ^ through [ the utilization of shorter electrode 
meiftbers ^^108 that are spaced ^close together. Additional 
improvements 7 -are ~ achieved through the utilization wof \ a. 

10 system ^ controller 12 that- has the v capability; to 
independently provide power to any one or more of , -the ? 
plurai-lty ' of electrodes - 108, The device ^ 10 has v the 
capability 5 - to provide enhanced diagnostic arid therapeutic? 
result&l^The shorter electrodes , when used f or , diagnostic * 

15 purposes^ ^provide > enhanced and more detailed mapping 
capabiiitiesv- ^ an* when the shorter more closely- spaced 
electrodes- l are^ usied f br : therapeutic purposes,, : deeper r and 
more cohfcihAibus lesions can be created. 

& Thi- : improved steering and performance ■ characteristics 

20 of ^tKe-asSetoy :il 100^are particularly evident when the device 
is " Utilized ^to^ maf>- --br ablate tissue: regions ;/ having: 
nonuniform anatomical features, including crevasses csuch; as ■ 
in : the Eus t a chi an * ridge region of the* heart . ;:In , addition, 
this- System enables" 'controllable \. creation r of-, long/ r .deep 

25 lesions ^which may "Be located: between infarct zones; or from, 
an irif af cf zone to ah anat omi c barrier . Such a situation is 
depicted in FigS ~ 10 ^wherein; a -cross-section ;Of -tissue -150 is 
depicted' : having ; a : crevasse • 160 .which. ; represents -.the. 
Eustachian ridge region. The distal end , assembly 100 >; is 

30 placed across^ the "crevasse * 160, such that . the ^steering ; wire 
attachment point ' & is 'located approximately .in the; center of k 
the f crevasse 160 . .When- the steering' -wires are actuated . to. 
draw the assembly" 100 down into the crevasse 160, -the 
portion 164 of the assembly ^100 that is located distal ^to ; 

35 the attachment point -D -is ■> forced upwards against one side. 
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168 of the crevasse whereas the po^tiorvs 172^ of the assembly 
100 located proximal*-; to/ .the;; attachment M point, r D are pressed, 
against the 1 other side 17 & ; of j -the , creyasse 160. It. is 
therefore' seen that the distal endr assembly embodiment ;100, 
5 advantageously fills and makes intimate., contact with l^ssue, 
on>both sides of the crevasse rl;60^ j . v . -u-^j.*" 

To better enable the device 1Q0 to fill a crevasse^ ; :i as : 
depicted : in Fig * 10 , it -/.can : be , .advantageous that ^the, ; 
portions ofv the assembly 100> proximate the. attachment^, pp^nt.; 

10 D be particularly flexible: A: preferred steering^ center , v 
support member for this , purpose is depicted,; in • j Fxg^ : y f l^^ r 
wherein a tapered center support member -18Q;*is shown ^i.th-a. 
steering wire 138 engaged thereto. As depicted thgrein^ 
tapered ^-cetiter support . member ^ 180 ^ is?.-<p;rmedi^ywitA;i.{/A-. 

15 relatively wide proximal section 182, ; a , tapered m&4dlev 
section 184 and a relatively, narrow distal end portlg)i^iL8^.>: 
A tip member 112 is r fixedly engaged to .the ...^istal^^en^^O/./of... 
the center support 180. The steering wire rl3& 
the center support 180 in i the, thin distal portion . 186y a 

20 distance L' from the distal end 130 The- attachment <^ppint ; ; : D -j 
is -therefore located* in ;the most flexibly,, region l&6-;o£ :T the 
center support member 180. The enhanced flexibility ,0?- this v 
steering ^attachment point enables ; a • distal end 7 .assembly 
utilizing'a- center support, such as ..support -J. 9-0 to conform to- 

25 tissue having rridcfes and crevasses, ; -such : as , is depicted; in 
Fig 10 i and described .hereabove . ■ Alternatively,-; the- ^center : 
support may be substituted -with a . more.vf lexible ^wire. between^; 
the 'attachment* point: '..D.- of the steering-, wires and ; the distal, 
tip of the catheter. : _ J . 

30 Fig; 12-' depicts 1 an alternative . center support . member 

19CK l of the present invention.. -The center support member 190 
is formed "with . a. constant width : through , attachment , point, a. 
of the steering- wire 138. Thereafter, a? tapered .section. 192 
proceeds distally to. a distal . end:. 194 . having a tip 112 

35 attached*, thereto. It will be appreciated that -the center 
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support ; , member ; 1?0 V will . /possess- ^ different stiffness 
characteristics than the, center support 180 depicted in Fig. 
11 ... , ?uch differing stiffness b . characteristics as Vfill j?e 
provided by center support member .190, can find application 
5 in ^catheter end assemblies, that ,are designed , f or specific 

purposes^ • , :r ^ r.».v&>?: *v V . > . i . -^\:i^y.v., 

■,, . r £hls catheter : design, ^lsq provides the capability , fopr 
creating various lesion types. Long, transmural lesionst may 
be. .created in the atria ±o , cure atrial fibrillation ... or 

10 atrial^ flutter . The catheter 100 may be placed,., in jLn^imate : 
contact , tt with, any portion of .the atrial endocardiiHii 
produce curvilinear lesions capable of quring atrial. 
fit>rillation : . The steering modifications and distal section 
desjgru -described : herein ... improve tissue contact 0 when the 

15 cath^ibe^is prolapsed and .reverse steered. ^ ^ r ^ ^ ; ^;,ry 
>r .Discrete,, lesions may . be created tq : ^ treat t; oth^r 
supraventricular tachycardias.. Such lesions are crjeate?! when 
a . ^ubset of , ; $ the ... electrodes used to. map the „ arrhythmia 
substrate ar,e ..used . to create the e desired lesion . thus 

20 terminatincf, -the. arrhythmia substrate. r By using .the same^ 
electrodes.^); to, create, the lesion ( s ) as were used to . map^ 
the .substrate/ .more accurate lesion placement is assured and 
catheter . repositioning required to > map . and ablate the 
substrate is reduced. 

25 Large surface area, shallow lesions or ,,lai9j? . surface., 

area, ; deep : lesions. * may -..Jbes created to : ablate ;/ ventricular 
tachycardia substrates, specially : those. : associate^ with 
monomorphic ,, : yT.-, By . . deliyeiping radiofrequency energy, to 
multiple -, electrodes -positioned i n . intimate, contact, with.^ the 

30 endoqardium, time . and temperature may be adjusted, to .create 
the desired lesion ^geometry. : ,' r v^;. r 1 ; 

u .Long, transmural - lesions may .also be created in. the 
atria from : an ; incision, previously created during a. .surgical- 
procedure to , an -anatomic barrier . Anatomic barriers , are 

35 structures such as the tricuspid valve annulus, . mitral valve 
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annulus, and vein : Orifices through' which depolarization 
waveforms do not '''propagate/- Depbliarizatibh wavef orras : may 
propagate around incisions ^and an atomic barriers producing' 
reentrant 't ? achyaxrhythndas, ,, ^1b\i-t" lesions connecting : such" 
5 structures reduce the pbt:eintia r i for teentrant propaga€xori ; 
patterns. Similar devices are taught in co-pending ^ r O. St 
Patent Applications Serial ^ Number 08/788,782^ entitled 
Systems arid Methods f or Controlling tissue Ablation fusing* 
Multiple " TeiBperatufe Sensing 5 Elements, and Serial r NtimBex 

10 081769/856, entitled Loop Structures for Supporting MUitipie J 
Electrode Elements, the disclaimer of which are ihcbrporal6d : 
herein' as though set forth in full. ^ -^ ,.v::;^o ovuviot 

" Long, deep lesions crieated in v the ventricles 51 ;; w£th"~t!fre** 
catheter 100 may 1 be' used to create lesions between J inf arc€ed' 

15 regions (determined by reviewing intracardiac* electrograms, " 
impedance * mapping , ultrasound, or other - techniqu¥) ^ b t wi f rom 
an" ^rifarcted " region to an anatomic structure" 7 " to 1 ^fef^at' 
ventricular" tachycardias; This may be* especially 1 be :: usif\il 
for 1 pblymbrphic ventricular tachycardia substrate^*. §iMili: c 

20 devices are taught in co-pending U;SL ; : Patent' ~Appiibatlbn~ 
Serial : Number 08/738 , 822 'entitled Systems^ "arid 1 Methods ' if or ^ 
Visualizing Interior Region^ of " the BodyV J tlfe 1 disclbsiiiiref " of >: ' L 
which is 'incorporated herein as though set r forth in 7 full\ ; '^ : : ; 

Test' of invention: ' r " — <..;."■'>■'. ;-^\,v-;.c<;. ^7.7*..-. 

25 The 1 catheter vl 100 : has been demonstrated x €d : facilitate 

the Vl creation ; * of the : atrial - flutter * lesion -In vi^d^Yln J 
particular, - electrodes : were readily placed- at —the ;: junction 0 
between the ' inferior veria cava and the' tricuspid anhulus. v 
The steering created intimate ' : contact with electiodes 

30 contacting the endocardial surface ahd :t caused' -electrodes to 
fill the Eustachian ridge. -When radiof requehcy energy was 
transmitted to all desired ■ electrodes * simultaneously, a 
contiguous* i^sion - was created which* was continuous in the-* 
subepicardial space. 
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vj;;The.."> catheter^ 2 ™1PQ. -,vasr' also /; iitili2ed to create 
ventricular; lesions ;r in particular ; les ions were r measured 
long; -(3a: cm) 9 and deep These lesion dimensions 

actually-: underestimated the actual. lesion dimensions because 
5 the^;heart was dissected soon :after lesion creation and the 
hearfe was grossly viewed ; for, color changes. , withojat : 
pathological staining • As,^a .result, the actual lesion, 
dimensions were greater than : 1 cm . Still , the : catheter 100 
wasc>reasil,y placed on the ^ endocardial surface and reverse 

10 steered-; to; obtain intimate tissue contact through put; th«e 
ablation, oelectrodes and used to crea te long , deep: les ions 
capable i>of curing ventricular tachycardia . In fact, - the 
device: i 100 ^ has enabled ; users to terminate - ventricular^ 
tachycardia in three of three animal VT experiments having,, 

15 an • infarct Model.of, VT. v * . .* c j :> t 

.y, /[A fur&her- improvement in catheter steering control of : , 
the /prfssenfej inventi is - achieved .through mechanisms, ,for^ 

improving the transfer of torque forces from the handle 14* 
of theede^ice ?10 : through ther main body tube 18 ; to t the distal 

20 assembly ,. 22 . , -The i; particular focus of the improvements in 
torque transfer > are :r a;fc~ the butt, bond joint, 32 between the 
main /body ^tub^-r 18;; and ^the; distal end assembly 22. .. r , . , }l :? - 
An enlarged cross-sectional view of the prior art L ,butt 
bond joint ^assembly ; 240 depicted in .Figs 13 r and 14. .The, . 

25 main; body , tube 18 is generally ; formed of a braided material, 
for^, strength, r: -pushability and efficient torque conduction 
throughout ; its —length A tubular steering . iri^cljanism ^ guide 
coil; 244; is disposed- within the ; : central- lumen ? 246 : of the . 
main body tube 18 and a steering ferrule ,248 is r engaged, to. 

30 the distal end -250 : .of the * guide coil. 244-. ,The . steering 
ferrule , -248 is - formed with ,a steering ...wire , bore 254, 
therethrough, such that . steering wires, 258 that^are disposed 
within the guide coil : 244 project through, the. bore. 254 
towards the . distal end of the end assembly 22 . : A .flat, 

35 steering center support member 260 is disposed within a-. slot 
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262 that ; is formed- through' the distal pbrtion of the ferrule 
248: Ah 1 insulating" shfink : tube - 264 is formed around the 
steering mechanism which includes ' the distal portion* of * the 
guide ■ coil :; -244, the f efrule' 1 ~ 24 8> -steering center ; support 
5 member 260 and 1 steering Wires 258 ; Other coi^on^nts, suc¥ 4s ^ 
bundled electrode wires 266 arid-- temperature sensor wires 268* 
may also be disposed within the lumen 24 6. The proximal * end 
26 of : the distal end tubing 24 is "adhesively butt bonded-^ 32^ 
to the distal" end- 28 of the main body tube 18. To provide 

10 strength to the butt bond 32, : a tubular butt boiid sleeVe^274 * 
is 'disposed -'Within- the butt bond ■ joint assembly 5 240 /K ahdl 
both r the distal end 28 of the main body tube ^18 ahd^£he. 
pro'ximal' end' 26 of the distal end tube 24 are adfie^ively^ 
bonded ' to the' butt bond sleeve 274/ in addition to' -beiri^ 

15 butt bonded to each other. A quantity of' adhesive; '230^i ; s* 
also inserted into -the butt 1 bond sleeve 274 tb^ bbrtd the 
steering^ mechariism sleeve : 264 within the ' r butt' bond^'sleeve 
274^. ; -^'^1 \ .'. . • . w :.' v I"---; :iy on:' v)';.;vc:a 

^Wheii the main body tube 18 is rotated r it is '-desirable 

20 that the torque ^ be communicated to the' distal --end- assemb&y-: 
22. To achieve this, the torque at the distal end v 28^of thet 
main body tube 18 is transferred to th6* distal' end dss:embly 
22 through the ' butt bond joint 240/ primarily from the butt 
bonding : 'sleeve 274*, ' to the 1 steering tenter f support '^"260 - 

25 through ? the adhesive^ 280 : within the--butt r borid sleeve; -274 ; . 
Torque r forties are' 'also - transferred from - the : main - body-' tube • 
18 r : through- the' buf f :: bond 32 to the proximal end -26 -'o'f '^€hei > 
distal Vnd* tubing - 2 4 V" "Devices that improve- the tbrque ' 
transfer ire next discussed. l -v.; v : 

30 A first -preferred embodiment : of the * torque transfer * 

device of the present-invention is depicted ; in Figs . -15 and 
16,* wherein Fig. 15 is an enlarged side- elevational - view, : 
having cut away portions, and Fig. 1*6 is an end elevational- 
view- ; of the 1 device depicted in Fig, 15. -The significant^ 

35 difference between the prior art device depicted in Tigs. -13: 
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and::14 and the embodiment /depicted in: Figs.. 15 and ,16 ia the 
addition of the generally oyal jcrimp ^sleeve 290 : that is 
dispos-edv . around the steering sleeve.. 26 4 ; within the butt bpnd 
sleeve;: ¥ ^274 . A, quantity,-*:; ofevr. adhesive 280, : such , ' .as 
5 cyanoacrylate or an 'epoxy^/i.s:. injected into the; butt- bond 
sleeve: , 274 when the device, jis f assembled,. ; as discussed, 
herebeloj** •;• and * the adhesive. 280 serves to bond all si of—the;; 
components . together within the butt bond sleeve . 274 - and 
withinnrthe :: crimp sleeve , 290., to provide improved ., torgue. 

10 transfer: over the prior art device depicted in -Figs,, 1-3, and 
14. c - v, :■ ■■ .• . ; .-. • ^ ■ ' • ; .<:'- 

f xlnqithe -preferred embodiment, ' the; crimp sleeve. 290. is a.- 
cut length of ; metal hypodermic tubing or the like. In 
assembling the catheter 10, T the guide coil 24.4,.. ferrule, 248* ;, 

15 center b support ..member 260 and steering, wires 258 r are fiijst- 
assembled. :.The polyester shrink tube steering; , sleeve, 264 ^is 
then ^placed, over the: assembly. The round crimp sleeve 2?Chis« 
then iplacsdi over the steering sleeve : 264 in the location } Qf * 
the f butts bond> '-32 . and t crimped into, an oyal of. appropriate, 

20 size etc- vMtc iover" the ? steering assembly:' The. steering:,, sleeve. 
264 is ; crimped 5 . to. .make,; a close ; -fit .with, the steering-, 
assembly/ but notipirich the steering wires 258, which ?;; would 
impede the steering capability of the device 10. • The 
steering/ ..assembly , with its . guide . coil ,244 .is ■ then ;; inserted 

25 into.^thenmaih. body.dtube 18, such that the crimp sleeve 290 
of the! ^steering assembly-. \1 8. is ~. located : ,.;at> -the : butt ..bond 
location 32 -The but bond sleeve 274 is placed .in position 
surrounding:..'- the crimp .sleeve -290 -while, ; adhesive. 280 -is 
applied to the butt:>bond. : area. : Th.e,. adhesive 280 ; is injected,. 

30 between- the butt ^ bond sleeve 274 and - the.- crimp; sleeve 290;, 
as well .as within, the crimp, sleeve - 29.0. .exterior to- the, 
steering sleeve 264 v . The: proximal end: 26 of the distal - tube 
24 is . then adhered to the butt . bond sleeve 274 and y tp the 
distal end 28 of the -main body tube 18 tp complete ; the, 
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assembly. Upon the hardening or --curing" of/ the adhesive > the. 
improved torque trarisfer~dev±ce r 10 is completed, os 

The improved torque transfer; features of the embodiment 1 
depicted in Figs . 15 and ?16 " over:: the prior art are a result 
5 of the increased mechanical^ interference between the \ center v ; 
support 260 of the steering assembly -within the crimp sleeves 
290y -tbigether With the improved/ metal "to metal * bondp Candx 
improved mechanical keying of the crimp sleeve 290 ntfithin' < 
the butt' bond sleeve 274. As a result of the utilizatibn^of . 

10 the crimp sleeve 290, torque -from the main body tube* 18^: is * " 
efficiently transferred through the butt bond sleeve 274 to * 
the- crimp sleeve 290 and ultimately to- the center ^support 
260 of the steering assembly.- In the preferred catheter-; 
distal* end 'assembly 22, the catheter tip 36 ds. : fixedly. i \ 

15 engaged^ such as by 5 soldering, welding or adhesive ^bonding 
to the 1 distal end; of the center support- 260 V The^torque r ,iks 
ther^f tire efficiently' transmitted to the - tip 36*v< such- e that 
. torque : ; is- applied to the" 'distal tubing ' 24 rafc'd bbtk^its - 
proximal end 26 at " the butt : bond 32' and cthe ^distalci end -at & * 

20 the : catheter -tip- 36', This provides ' v improved: cdelivery., -of .. , 
torque to various components; such as velectrodes^v.that mayi r 
be disposed in the distal end assembly 22* along the?: length v 
of tfie distal tube 24 . ' -.. • a *.-... ~ -.. > o - - -■ . 

- 'A :: "C" : or : fl U w shaped crimp sleeve 294; ^having . a; '.gap.c;29frv 

25 in its sidewair '298 can be -utilized in place . 1 'of ; the ^tubular ~ 
crimp v sleeve 290 - depicted - "in Figs / 15 . and; 16 . Specifically; 
as depicted in -Figs/ 17 and 18, a : . "-U^tor ^C ff 'shaped, crimps 
sleeve '294 can- be placed around the -steering sleeves 264' at ^ 
the location 1 of the butt ' bond 32 and 1 " crimped in place.. Such 

30 a "U" or ;> "C f,; shapbd -crimps sleeve 294' is 'somewhat easier rto.i 
assemble' than' the ' tubular crimp sleeve 290 because it - may be 
inserted -laterally onto the- steering sleevei 264/' utilizing ? 
the- sidewall gap 296 rather - H than " being* installed axially 
dowiv -the ■ steering sleeve 264' as in the" manner that the - 

35 tubular crimp sleeve 290 must be installed. 
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A "G w shaped crimp sleeve 299- is ^depicted in Fig. 17A. 
Theo at imp sleeve *r299^ is u-formedj ^with ■ a ^generally .spirals 
shaped gap 300 which becomes X closed when the sleeve 299 is 
crim)ped~> around, the steeringdassembly . The crimped sleever299 
5 can ^therefore be thought^ of as ?al hybrid combination . of ; the 
tubulate crimp sleeve 290^ and ; the "C" .or W U" shaped u crimp 
sleeve *29 v 4 . *■ ?, . ; -'. f- * r , . -.1 • ::.^cv 

T:! ^i;gs:. 19 and 20 depict an ;aiternative butt bond -sleeve 
302^thafc may be utilized in the ^present invention, k wherein 

10 Fig^ n5L9fos is ;a' perspective - view and: Fig. / 20. -is- /an ; end 
elevktionralC view similar to^ Fig. 16. The improved butt ;.i bond; 
sleeve f3B2^is- formed with a plurality of radially -inwardly 
pro^^etitog ~ iribs ^ 306 that are parallel to the: longitudinal/ 
axxsn'of. the' generally :cylindrical butt bond sleeve member 

15 302 ^FoiriS such ribs 306 are depicted in Figs. ^19 and > 20/ 
however^ ~ the =^ lee ve invention is not to : be - so limited and 
fewer 'or- more ribs are contemplated.; As is* best seen ih JFigr 
20, the rib members 306 provide additional torque transfer? 
capafeil^fcyCliy " providing :s a mechanical interaction with ;^the 

20 outer-q portion^:: 312: of* the crimp /sleeve 290> , The ... space 
between^ the butt -bond xsleeve 102 . and the scrimp sleeve , ;2 90 is 
againv'preferably filled with adhesive. 280 . < - r ,.^:>%-v- 
■ To ►further aid in the : transfer of torque to j the center f 
support member; 260 of ~ the V steering assembly, the I width: of ., 

25 the ^center -support .members 2 60- may be ? increased within the 
butti-borid'airea. : A preferred center support configuration 318 
is depicted " iri ^ Fig.- 21. It? will, be ^appreciated* that cthe 
center < Y Suppbj:t : 313" is ^substantially- identicals to , center- 
support 180 - depicted > in- Fig. : - 11.. The center' support 318 is 

30 formed with a ^relatively wide proximal . end / 320 for the 
efficient transfer -of torque; to. the center support 318, /a: 
tapered central' section 322' and a relatively narrow; ;distal 
end 324.- The / relatively, wide proximal end 320 serves , to 
increase the mechanical keying of the center support*' -318 

35 within the crimp sleeve 290, ■ while* . the. tapered central 
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section 322 and relatively; thin -distal section 324 provide a 
generally increased flexibility: towards M the distal end - of ,/ 
the,* catheter \ distal end assembly;*^,, as:, compared to i;its > 
proiimal. end. Such a varying, * f lexibility throughout L^the - . 
5 length :of the catheter distal: end assembly 24 has been-: shown r; 
to ypro vide . improved catheter distal end steering and; control, f . : 
properties. Therefore, a preferred embodiment of the present i 
invention. -includes .. the. tapered .steering center support 
member 318 disposed within the < crimp sleeve 290 . In^ another* C 

10 alternative- design the crimp sleeve- 290 may be captured; in a;,};;; vi. 
thermally ; formed bond between the main body tube^. 18^£a«id :the i^, 
distal tube 24 . The crimp sleeve would be embeddfed^cin ithe-^u 
thermally melted wall formed inside the tube, bond itrans.ititonv^c 
similar "to ; being captured in the adhesive ibond.n This would; m:. 2? 

15 also:: give you . an enhanced mechanicalr'interference; fitvilf or£::£ < *" 
\ improved ^torque' transfer . This design., would ~ bet identical vtOsr/y?I .• 

Figsi/ ; ;l&.uor 30 except for that /the butt> bond sleevde/rwould be. 
omitted.v : r - r :v - /.<vy. x:;/ : ::. ;' r.\v., k .; ?. *fcOBL*;ft ssri.;*. f '.jS' 

■ :f. Another ; alternative .steering*, center i support ^O^.ofljfehe^^w '* 

20 present invention is depicted in Fig . 22 . Thee center:* support: Y 0:: 
330 vis -"formed with lateral .extending portions :>334! that;«-are:^, ( : ^ 
located along the proximal ^portion 33 6 df v the center ^support- : s 
330 :?that will be disposed within the .butt bond ,;sle,eye 2>74 . 
The \ lateral .extending^ tportionav 334 serve *&; provide ;e;y.en : :.. 

25 further /.mechanical; ; interference and r>t or que -transfer.: ^when 
they are: '/disposed within- a:., crimp; sleeve ^290 ^ jthan ctthe ? 
previously described center supports 3.18? and 260. The; center ? 
support v 330 with;, the lateral 'extensions 334^ also prpvides .? 
improved torque ■;■ transfer: over ^ the ; priory ~artv depicted ; -in 

30 Figs. 13* arid . 14 , > even where a. crimp .-sleeve .290,1s .not \. 
utilized. .Specifically, as: depicted in; Fig. 23;, ,the lateral; , : 
extensions 334, even . when; just, disposed! within: .a -steering :■- 
sleeve. -264; provide enhanced mechanical interference with . 
' the adhesive 280 disposed within the butt bond sleeve ,2^74, 

35 over the prior art device- depicted in Fig..: 14. ' 
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Tb' provide still -ianproved; torque -transfer utilizing the 
center support 130 depicted in Fig.. 22, a ribbed butt bond, 
sleeve" 302, as depicted -inu Fig .t; 8 > may::be utilized. ^Thus, as 
depicted ; in Fig. 24, i thee lateral ; extensions 334 of ." the 
5 center -ft support 330, ' when Indisposed within the inwardly 
projecting* fibs 306 of the ivbutt 1 bond sleeve 302, provide a 
mechariicatl- interference thatr assures good torque transfers 
As swithx> previous embodiments; a adhesive 280 is . injected ■ into 
the^butt' bond sleeve 302 in the --assembly of the device ; r 

10 Figs,' 25, 26, 27 and 28 'depict an alternative torque 

traHs-fer^idevice 360 of the present invention,, wherein Fig. 
25 t^#a a "perspective viewV Fig. 26 is a top plan view, Fig * : 
27 "iris" a- ^ side elevational view and Fig. . 28 is an end 
elevafeionai view; As depicted in Figs. ( 25 - .28, a .stiffener;. 

15 member 364 is ? fixedly ; engaged, such as by soldering,- espot , 
weldiiig or adhesive, to the distal end 250 of ithe .guide /coil; 
244 . - -The* -stif f eher 364 member has a rounded- proximal portion 
368 atd^ facilitate its engagement with the guide coil' 2441,5 
antf T ^;3i'ongitudihaTly projecting distal end portion 3.72.= As 

20 depicted" in <: Figs. ^29' and 30 the end portion 372 projects, 
distally^ alongside of the steering sleeve 264 which encloses; 
the ^steering -center support member -- 260 into the .:. butt; bond 
sleeve ' 274 .' Thereafter, when adhesive 280 is« injected', into 
the-butt'-bbhd: sleeve 274 to form the buttr bond joint, ; as , is 

25 done 5 in the ^ prior- arts -device depicted^in Figs..,, 13 and 1.4* 
the distal end 372 idf wthe^stiffener component , 3.64 ; will be 
adhesively ' bonded ■ intt> - the . butt -bond. ; sleeve 27.4 . As . a 
result,' 1 •• torque* force's •: from the : main ' body, tube ; 18 /are 
transferred through. the>- butt, bond sleeve .274 to the distal 

30 end 372 of the . stiff ener member 364,:. that : -is r adhesively 
bonded within the butt bond sleeve 274. The torque is 
therefore transferred through the stiff ener member 364 to 
the steering guide coil 244, through the ferrule 248 to the 
steering center support member 260, and thus to the catheter 
35 distal end assembly 22. 
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A further improvement ; in the ; torque ..transfer that is 
achieved through the use of : the; : stiff ener • 364 r^is<. 
accomplished by utilizing* a ribbed^ butt bond sleeve .380 that.v 
is -similar to sleeve 302 depicted in .Fig* 19. Specifically*.; = 
5 as depicted in Fig, 31, the. distal end 372 of the stiff ener; 
364 will project between the: inwardly projecting ribs ;38 ^4,* of— 
a three; ribbed butt bond sleeve 380;; to . provide a mechanical 
interference that will further- assure good torque .transfer ;h 
in addition to the torque transfer through the adhesiy^y x ^Q v ^ 

10 that as linjected into the ribbed butt bond sleeve .3.80, ©-gx?. vi. 
r{ iK further butt bond sleeve 390 ^hat is ^util;iz-9kle/^4^-:sL^ 
the r stiff ener. 364 is depicted in Fig. 32. The -butt &bqnd : s 
sleeve 390 is formed with; an extended rib-like portion thut;; 
comprises , an inwardly projecting sidewall portion 334cJ:ha*: e 

15 formsT^an :;exterior channel 396. As depicted ;inj Fig. :the^ S : 

channel 396 1 is .disposed, to cooperate.. with the: distal jsnd;;3f7;2{o^ 
of .the v stiff ener v3 64 > such that the distal end v. 3 J 2^&r elides : 
within the\channel .396 when the r butt- bond ijp^inJtiii^ t m^de.f, 
Alternatively,* as depicted : in Fig.: 34^ ,a- butt ^ond-n^le^ve^ ^ 

20 398 haying a gap or slot 400 in its sidewall rt ^hich .^tijiglyv^^ 
engages the -distal end 372 of the stiffener 3^4; jC^anj alsp iibSzKtf- 
advantageously utilized where the diameter of : .the vbutjti bond ? :^ 
sleeve': 390- is closer to the. diameter of the. guide; coil' 244;. : _ 
f£j Although^ ;the; present invention: has been described in , > 

25 terms o£ ^specific embodiments > it is* ; ^anticipated -that;... . 
alterations and:^ modifications - thereof . will ;no doubt; Jpqcome 
apparent -to those skilled in :the : .> art . : , It :\*£i\S.« ; therefore ] , 
intended that - the - following , claims :;be---> interpreted. , « as ■ , 
coveTrin^ all such : alterations . and. cmodif ications -as -fall a-' 

30 within" the ' true spirit and. scope of the- invention . -.. ; . 
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Claims .■: ^ ■ - ';^:\_ax ;> n\ i^-avr': - 

;. :^1.> - An^ improved cat^ ^: ■ drr 

, ; . a handle; v ; ni^:;v v^..^. - ivr^v* ; 

: :^ja main body, tube? haying a * proximal end engaged; to said 
5 handle and a distal end; ; 1; >>r 

a distal end assembly including a distal end tubular 
member having a proximal* end and a; distal end; 

a steering mechanism being disposed within said distial 
end tubular member, said steering mechanism including a* 
10 center^ support member having -,a proximal end jportion and a 
distal end portibn, and at least one steering: wire ; being 
engaged to said center support member; 

^-Ssaici^ distal end assembly being engaged to said main 
body tube through^ a butt bond joint assembly, said butt bond; 
15 joint assembly including a bonded engagement of said 
proicimal ;: } ^df of said ; distal ; end tubular member and said 
distal end of said" main body tube; ^ v :: " : — - " 
said butt bond joint assembly including a butt bond 
sl^ve mefflber : feeing^ disposed partially' within' said main body 
20 tute ' athdt "partially ^within said distil end tubular -member and 
being tKmd&i ^tb both said main body" tube and 'said distal end 
tubular 'member; - v 1 ■ — 

said proximal end portion of said center support member 
being disposed within said buff bond sleeve; 
25 :jr a c^ntlty of adhe^siVe maiteriiil 1 being disposed within 
said ^ butt fc>bntf ;> sleeve ' and Acting "to J 4hgage^ said center 
support C member within said butt" bond sleeve ; * 

• : arici wherein said butt bond joint '' assembly - further 
includes a torque transfer enhancement means/ being engaged 
30 with portions of said steering mechanism and disposed within 
said adhesive that is' 'disposed witKin said butt bond sleeve 
to enhance the ' transfer of torque forces front said distal 
end' of said main body tube to said center support member. 
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2. A device as described in claim 1 wherein said 
torque transfer enhancement means includes a crimp sleeve 
member being disposed around^portions of said proximal end 
of said center support member within said butt bond sleeve, 
5 and in contact with said Adhesive ^disposed' within said butt 
bond sleeve. &vz *:j.;--.fv., 

3 . A device as described* in;> claims 2 wherein-a said 
crimp v sleeve member comprises 'a* tubular sleeve. . ^ 

'x, m-'Xc,' 1 .,;. *v / ...... v 4 'c , \£Xijdi?3 

^ *4v < A device } as i described in claim 2 wher^ip: sajbd 
10 crimp sleeve member comprises a U-shaped sleeve . . ^ b , * 1/: 7 

; - I- 1 A device . ; a-s described in claim 2 f .^hftrein , jaid 
crimp: sleeve : member comprises a C-shaped , sleeve . v k;L5 - ,>>: 

: ;.n6> i A device as v. described, in claim _ 2 , wherein ;<s s aid , 
crimp sleeve member comprises, a- G^shaped. sleeve^ ^ , y v/;- 

"■■ ir ■ ■ ^ ' : * ' " v v- - - bXiSi": 

15 .7. ^ A device : as described in _ claim r ^l, wherein said 

torque transfer enhancement means includes , a WT Stif£^ner . 

member being fixedly engaged to said steering mechanism, and 

projecting within said butt bond sleeve in contact ,V*ith f sai<^ 

adhesive disposed within said butt bond , si^ve.^ ^^ 

20 , 8. A , device . as described in claim 7 wherein said 

stiff ener .member .comprises .a, -generally ,flat r member having a 
curved portion that r is engaged..,. to. said steering mechanism 
and ... ^..dirstally,- projecting arm portion that projects within 
said. ±>utt bond sle_eye. . _ r , ( . 

25 9. A .device as r described in claip 1 wherein said 

torque enhancement means includes a laterally extending 
portion, of. said proximal end of said center support member, 
said laterally extending portion being disposed within said 
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butt bond sleeve arid - withinn said ^ adhesive; that is disposed 
within said butt bond sleeves ; ::. . > q yr : 

10. A device as described in claim 1 wherein said; 
torque transfer enhancement means further includes at least 

5 one/ but to.* bond sleeve rib member,; *said rib member projecting 
radially ^ inwardly from said? butt, bond sleeve and .into; said 
adhesive: disposed within said; buttdaond. sleeve. 

11. A device as described in claim 2 wherein said 
torque iltaransfer enhancement means, further includes^ .at . least 

10 one butt bond sleeve rib member, said rib member projecting^ 
radially: ^inwardly from said butt bond sleeve and into said 
adhesive >disposed within; said butt bond sleevev :^ / • ; i.fij?*r? i;- 

XiolZfc ^ device as- described in claims 7, wherein said., 
torq^e_r:tjransf ert t enhancement means further includes, at l;eas^ 
15 one^/buttA^pHd^sl^eye.: rib member, . said rib member- projecting^ 
rad4#lly* inwardly from said butt bond sleeve and into said 
adhesive disposed within said butt bond sleeve. — 

- r^l3. -lA-idevice as described ( in claim 9 wherein said 
torque v transfer enhancement means ^ further includes, at, least. 
20 one* butt bond sleeve .rib >member, . said rib member- pro j eqting 
radially a inwardly from .said rbutt bond .sleeve and, ;into ; said/ 
adhesive disposed i .wi thin said; butt -bond sieeve. : ; vv .-j 

,14. A device as described in claim 1 wherein said 
center, support member ^includes , a relatively wide proximal 
25 portion, a..- tapered:; central . portipn ^and 7 a relatively narrow 
distal iportion. ... ■/ ^. . * r .v;: ; h:;. 

15. A device as described in claim 14 wherein said 
steering ./wire is engaged to said distal portion of ; said 
center support member a .sufficient distance away- from said. 
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distal; end of said /center s support* -member to provide a 
straight distal end portion of saidv r distai end assembly when 
said steering wire is activated to cause bending of said 
dis-tal end assembly. b*c.-? - . • i 

5 ^ i 16 .; A: device as deseribed-^in claim 15 wherein ^ said, 
steering wire is engaged ■ to said, center support member lat la f 
distance of approximately one inch Aaway * from said distaixendr; 
of said center support member. 

Jt.. ■ . ' ."'V * . "\ ? * « ££ 

: ,n.17. An improved steering mechanism for ..a.:; catheter c 
10 distal end assembly, comprising: ^ ^ .l.-J^c' 

r )xra steering center support member having. 1 , a ^distalf-Ierid * 
and being disposed within said cathieter distal .end. assembly.?;:: 

at least one steering wire being engaged to said center 
support member a sufficient distance away f xom 1 >-saifd distal 
15 end -of said - center support member to provide «*a?-* straight- 
diStal^ end 'p6ft 4 i6n k of said distal -end assembly- %>hW said : 
steering wire "is * activated to cause ""bending \6f said d£sta-I sr 
end assembly. ■■ :: ■"•'*•*' - >r * ~.- ! . ■> >.*:~.o%t.?.z- s-; zusr* 

v * '18 . - A* : device as described * in claim -17/; wherein Csaid 
20 center * support member includes ' a relatively Wider ^proximal 
portion; /a tapered* central ' portion ~ and a 'relatively narrow - 
distal port-ion,-'-' and wherein said steering wire- is engaged tt> 
said relatively narrow distal' portion* of ; s£±d center -support - 
member . 

25 * -19. ^ A device k as : described * in-- claim- 18 wherein said * 
steering wire is • engaged * to* said center supports member, at a - 
distance of approximately one inch away from said distal end 
of said center support member. 

"20. A device as 'described in - claim 17 wherein 5 said 
30 center support member includes a relatively wide proximal 
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portion and a tapered r distal, portion; arid, , wherein said 
steering wire is engaged^, tp-?said -relatively wide; proximal , 
portion and said center support member. . ^ ..o^'k. 

r21/. A device • a's.; described tin claim <rA wherein"; :said 
5 center support member includes- a relatively wide proximal 
portion and a tapered distal portion. .:-::st>?j. 

ao>22i -A system for ablating body tissue comprising 

;aricatheter body having; an elongated axis and a distal 
assembly carrying at least two electrodes, and including a 
10 steering mechanism adapted to contact body tissue along the 
length of said distal assembly; 

at least two electrodes supported by the distal 
assembly capable of creating generally elliptical lesions at 
least 2 cm long and 7 mm deep which are substantially 
15 uniform in depth when a source of radiof requency energy 
conveys radiof requency energy to the at least two electrodes 
simultaneously; 

whereby transmission of radiof requency energy 
simultaneously by the at lest two electrodes forms a lesion 
20 that extends without interruption across the body tissue 
area between the at least two electrodes. 

.23. A system described in claim 22 wherein actuation 

of said steering mechanism causes the distal assembly 

carrying electrodes to contact body tissue within the 

25 crevasse between the inferior vena cava and tricuspid 
annul us . 

24. A system described in claim 22 wherein actuation 

of said steering mechanism causes the distal assembly 

carrying electrodes to exert increased force against body 
30 tissue. 
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25 A . system described in ' claim ^22 wherein the lesion 
is * created ;from an infkrcte& region ■ of; body tissue ,;to an' 
- anatomic barrier. . . jv^rictvi.- * \- v;-..:: \- 

bv- v 26; A? system described ^in claim 22 . wherein the lesion 
5 is 'created from at lfcast two -iiifarcted regions : of body 

tiSSUe. .V -■'..* A J.:- *; . ■ ' * . j > .--^ 

27. v A system described in claim 22 wherein the lesion 
is created from a surgical incision 1 to an anatomic barrier. 
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